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C57)Abstract: 

PURPOSE; To eliminate the need for a separate area for 
the electrostatic discharge to improve the reliability by 
facilitating the electrostatic discharge from the drain of 
an nMOS transistor to its bulk, to cause the breakdown 
of the drain-source injection prior to a breakdown of its 
gate insulation film. 

CONSTITUTION: On the surface of a p-type Si 
semiconductor substrate 21 a p-type buried layer 22, 
epitaxial layer 23, a p-well 24, a gate insulation film 25, a 
gate 26. a spacer 27, a source 28 and a drain 29 are 
formed. A deep drain 30 implanted with P or other n- 
type impurity is formed in the p-well 24 at the drain 29 
lower part. The drain 30 increase the junction area 
between the drain 29 and the p-weli 24 of an LDD 
structure to form an electrostatic discharge path from 
the drain 29 to the p-well 24. This increases the 
electrostatic withstanding voltage of the nMOS 
transistor and prevents the breakdown of the gate 
insulation film 25, due to electrostatic charges. 
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1 

v-^/uiiirM 1 mm^(D^m!^X'Mfi!i^ti^m i mmm 
m<D^m^izx ^mi^^ti^ Ki/^v-t^iix^B i c 

MOS h ^ >--:x=^^tC^ai/^T. tfrlS K CI ^t* 

^4#tg[<t-r'5B i CMOS hyVv?;^^^ 

[If 2 ] ^^^s^F^trm 1 m^mr^fD^mmx-m 

t. ttriey- hc7)-:^<?50j(Oait-^^<>^/v;i_h{c^2 
^^(D^H^izx <oi^f^^n^ ^k^m^^B i c 

MO S h ^ ^:l^^v^T. tfllB-i^— h <^fMiJ(?^:3i t' 

WMco^m^XW^^^thX^^'^^m^'^ K i^-i' v-^CiK-S^ 
<t ilri|^IS[i-r^ B i CMOS h^V'v?;^^?', 

B i CMOS hy^V'Ps^^ 

Ji^T-foar ir^#mt-t-ait^^l75S2fegctOB i C 
MOS 

[mi^-^S] ^IS^i^ Ku-f >f^, Ku>r VJ; I? 
1 75^ 2|EgtC75B i CMOS 



(2) i|#P¥6 - 5 3 4 2 0 

2 

^as^^tw^" hJ^^I^^Ch*^- h^?f^fife-r^.xai:. Sir 

2 m'mM<D'^m^x l d D^ig^?f?j5g-r fc^^^^s 
\^:^^~^^Mj^'thT.mt. m^mi^:r:.^ut%2^ 

10 2m-mm<D^m,mx 'J ~ :^^-a^ k^-t v^jf^fig-r-sx^ 
i:. m^-<-:^mm<D-m^w,2mmm<D^m^x::^t 

ti^m^ik<D^mm\cw, i ^f^mmim^mj^\.xii^h:^t 

mmi^m2^mmmmki^mm^m^^i^M!^vftht 
m%^m^<otiib(Dmmi^ ^Mf^i^x^m^mm^^f^^ 
•t^iint^^t^B i CMOS hy>'iyp^i^<7:)m^^-:ffm 

B i CMO S h 7>'v?^^£75^ig;^fit^ 
VM'^R|$t^6 J; 5 t:iM2^m?F^O^Mi^X'm 1 ^U^^ 

2mkm^mf^-r^x.^t. zfhhmi^rjm2m.ikm 

^t. ^t^mim^km, m2m.mmR'a^m2m^km(oM 
®tcaif*^df-v'-y/u®^j{^^t-6x^^. m^mimk 
30 miSLn^2m^km±.(D::^}i'-^ ^'y-r^\-m\^m2mnM<o 

^5:^±C??:n t'^ ^v'i'/mtCim 1 ^m?l?(^^ifs&i^T-^ 3 
!^a./u^?{0^-t-^xmi:. #fJ 1 !>a./PS:0^2 
ir(7:)r^(0^ffii:m2 !>a./n^E£DBFf^gR:0<»r{::^^^:^^ 
t7?fc:d^)C07^-/u K^<t:flI^?}^^-r^Xg.i:. mTlS^ 2 

^ :r./\^<D-m\^'m2m^mM<D^nmx^ 
^giJi^tciy- hiffe^^sic;?^" h^^jj^^-rax^^. sir 
<Dm2mmm<D^i(i^!mxLDDmm^m}^-r^tcisf:)<D'i& 

2mnj^<D^mmxy-:^:Bi.rj vu^ :y^mm,-r^:£.m 
t. mt^-<-:^n^<D-m^m2mnM<n^^¥iimx':^^ 

tt^mm<D±0:mi^mi^m^mm^mm.i^x^-h:^^ 

50 ^±.{z^f^^iyv ^^i^m^jf^^L-x:^^ y^^mm^m 



3 

■r^Xnt^^t^B i CMOS h^Xv^^^cDi^it:^^ 

Wi^t-thB i CMOS h'7>^i^y^^(Dm^^::fj^, 

?i^fi)c-r5.m^^7IE^OB i CMOS h 7 ^ tn^i 

[0 0 0 1 ] 

[mm±<Dmm^m] :i<D^mnB i cmos h^vv? 

J5fel|/^ B i CMOS h ^ V'-:^^'. n MO S h ^ ^-v^X 

^^oB i CMOS [^y>'i^:^^RU^^(Dm^^1jf^Km'r 
[0 0 0 2 ] 

{cij:"?, MOsmitT'fiy- h®^^(;Dj^/h, 
[0 0 0 3 ] -;^-c-^^^4:^@fi. ^itxm^^^©4^ 

[0 0 0 4] wm^Mcmi^x^^mi^^mm^mm^ti^ 
^'j^uTfi. (1) h- Ki^^>'Xy-;^F^c^y- 

h*gli^(^i^^SS^. (2) Ki->i' v-S^£r^(;3^<yp^ 

i:L^n^^^^M^M (junction breakdown) . (3) 
mff2 (2) *Acf^ (4) ^iDm^l&mmm. RXJ^y< 

(1) j^to^-^r-^^y- h^^flifT^ma^ 
(3) ^(Dm^X'h^ h^i^-o-ty- hr^^(Di;^^mmm 

±'r^r;iit>ic^^'^i^mmizw\<Dm:m^mf^i.xm'^mm 
[0 0 0 5] ~m^. ^^mi^mmi^xmm^mf^-r^m 

mm^U^ h7>-':^^iS^i:CMOS hy>^i^ 



(3) i|^^¥6 - 5 3 4 2 0 

4 

y^^<D2miZ\K%^\^n^, CMO S h ^ Vv^^^firN^ 

"9. f(^nm'f'^:i^^^xmn^m:bRxj^mM^m^n-^^ 
mmi^Rv^^^wmmmti^^<^^mm'-m^^tix^^ 

6, ^(Dcfc 5^<C^5*t^?EJ^$-^6f::i^(3CMOS V 
CMOS Vi^;=^^^f^a5a^S[H]SST% 

10 y [^v:^i^:^^^mmm^xmm-r^B i cmos^i^ 
iHlS&^»M%$nTi/^a, B i CMOS h^>'>^;^^t;iio 

l^T. nMOS h ^ y'-:^;;^^^?'^^!^^^^ (Hot electron) 

icx^mm^mm}z^m<fj:'oxmM\:^^m^ti^zt 

^^±-r^tzlstf\:i. LDD (Lightly Doped Drain ) m 
m^mm^tlX\^^^o -r^J^^-h. n^tCh*pMOS h^:^ 
hm^^Jf^f^y^tcht. nMOSh^Vv^ 

^^AL. ^(^#(0^a®t:i2 0 0 0--3 0 0 0 Aa^ 
(D}^^(Dmtm^mf^-r^. M^^XK l E (Reactive I 
20 on Etching) <fc 5 fj:m.^=^ v ^ ^^^/:^feT*^^^^S^ 

[0 0 0 6 ] mei^'lJ^^m'i^i^X^B i cmos hy^- 
2A'^mf^^tiX:^^ . tfffSpJi^S^S® 1 2±t:::3ib*^^ 
30 1 3 ^^j^^^nr (/^6o CtDJi t'^J? ^iy-ir/^ii 

9. r(7:»y" h^l^Bii SitT^m^l^^^'tr^^^s i 
fc. :icoy— h 1 6 (OiaiJMt::s i O2 ct^x^-^—- ^ 1 7 

X-y — 1 8RXJ^ V^^l^l 9 ^5fl^^$;ftTl/^^)o 
[ 0 0 0 7 ] _tiii! Lfc J; 9 ''^ti^JtSc'^B i CMO S h ^ V 

v?;^^(^nMOS h ^ Vi/^^ ^c^o^^T^^. ^^^^rfen; 
t:ij; 9 tiJ;^i^iiii^$tLfc Ki^-i'vi9i:p!J'^/H4 

60 -r^^^-h. mmvtim^(D-:^m\^x^mmMm (e 

50 fcfo<tMOS Kl/-1'yi)gi^U/^Jt:Jx(^ 
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I 0 0 0 8 ] 

mm(DMmm^i^±^'^^ ^ t f}'^x^ . x^iiAp/^uT 
^fS]±$^ar ^cor-^^B i cmos by^-t^p^^R 

[0 0 0 9] 

^ t:' ^ ar ^ yujij^ ^ 1 mmi^o:^ ^m^^ xms^ ^n^m 

B i CMO Shy ^^vcX^fC:fcl/>T. ttTlE KU-f VT^ 
[0 0 10] ^/c, ±fEt^J5fe^^^aB i CMOS 

[0 0 1 1 ] ^7t. MlEy- hco{tiifaij£;33^e^?:arv'-r/i- 
mx-mfi^^Hxy^^^m^v^i^^ >'^mx^^^\^f,t^ tfr 

IE KU-^ ^-itD^i^- hi^^^fl. {tHogJI^^j; i:)J^< ?f^J5g 
[0 0 12] ^/c. ±fE@&^3^ii^-r6fcie)(w^(^^0^ 

Kmw^^fi^x 0 \z.m2mmM<D^mmx'm i i^nm 2 
sf5:Ji^?}?fig-rai^<t. rti.e)^i ^of^2sts^rBi 

iSLXf'm2mnm±(D=^\i'^ ^i^-^/\^m\^^2mn.^<o^ 



(4) i|#M^6 - 5 3 4 2 0 

e 

a:.j\^<D'-m\^w,2m^m'^<oyfm^x^ ^ 
m2mn,r^^^n(^xhDT>mm^mfti-r^tz.)^<r>^m 

m^-<-:^nm<r>~m'^%2m'^jr^(n^w^x^^ 

^±{w#^s^->y ^^^m-kj&j^x^x^^'s. y^mmm^m 
sti-r^unt, tfi^^\^fcxm^x'omf^^ti^m^j^<D± 
m:mizm2^rm^mmmtumm^m^^iz^^vtc^t 
20 m%mmt^<Dti}^<D^mu^^^\^x^mmmm^'f^m 

-rax^i: i^-^tf B i CMOS Vy^^^J^^ (0^^^:^^ 
2H%m<D^m^xMte,% 3 K u-Y v(Dr^t:i 

v- V - ^ ?i^J5Sc -r xa^ {- ^ 2 #m?f^ ^ifsEi^ T-^te 

[0 0 13] c:::T'. mtt^ ^ 
30 i^-^^7f~i)~-< -r J; 5i X^m-- K U'-r :/i£*?f?^-r-5xmi5:^i 

x.^^i-a-t::*!. ^^^~vmmm^mm\L-)imxm^\. 

[0014] 

an i CMOS vyi^i^y^^ t=^<n>mm-)ym^nm\^Wi 

[0015] 121 1 f;ir to^?q(D— ^:^^!lf;:^aB i cm 

OS h7 — gPKFrffiiai Ur, nMOSh^^- 

^^s^g2 1 (D^Mtcf^. B {it^t^m ^^^(Dpm^mi^ 

/&5iE13^5E13 ions/era^ ^^£0 K-^ST-^A 

2 2;5SJl$fiSc^nfc^^^Sa2 1 t'^drv^-v/U/i 
2 3 ^5?l^^$n-CI/^5„ ::<OS^S:® 2 2f^nMOS h7 

V? ;^ CO 7 IX ^ r 7" ^ it -r 5 J<) ^3 (7> T* 5> , 
^fc. ltrfE^t">?df->'^/i'/S2 3IC. B/'j:if(7?p?l^^i(*e 

1E12'-3E12 ions/era^ ^^(73 K — XST*a 
A^ixfc p f>3iyU2 4 /45?i^fi)c$^^r*3 t) . ^(^Pp^'a^yu 
50 2 4 ;6S?i?^$tl,-Cl.^5^ t'^^v'-^/U^ 2 3 ±(:i S i O 
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2 (mit^^m) sfcfis i3 N4 (mit^^m) 

ley- hi^)^fll2 5±{;i#-J^reS i i^'^^^^m) T- 

[0 0 1 6] ^fc, SfrlSy- h 2 6i^{RiJ(Op 5>a:yW2 4 

fh^fx. 1E13'-5E13 ions/era^ irSElS — SE 
1 5ions/'cra2 ^^cD K- XSt-ftA ^ t^fii 

KE-'-r V2 9/ii5H^fiSc$;n.Ti>5o ^fc. MI2KU'^:/2 
9 r^CO p !>^yl'2 4 {3P/£ i;'(7)n?f?^i^i^;e»S 3 E 1 5 
-5 E 1 5 ions/cm2^^(D K- XSt?^ A ^ ^^c^l/^ 
K >' 3 0 755j}^^$;h.TI/^6o r C*?^!/"* K 3 0 

fi. LDDltitco KU^^^2 9 p !>:i^/l-2 4 il^O^-^ 
®^^tS;^JP ^-U:. KU^ V2 g^^^bp '?3^>'I^2 4---C9II 
nMWin.^^W^l^'t^. i^^oT. nMOS hyVv?^^' 

0: "9 miE^t/^ KU-r >-3 0^{i;t5nMOS h^Vv^;^ 
KL-'Y V2 9 -^^/t-^rBltD^-^^^^f^fiS^mffi^fcfi 
y-x 2 8, Kl^-I' V 2 9 (7? ^ — 11/5:^5 {Stt 
tif^. S^m^dJ;^^- h^;iS:fll2 5 co^£^li^B^5/^^^ 

3 0 S>J^OI^(^iiAD?'^ LT-B i CMOS Vy^y^J 
(collector sinker) ^Jl^^f-S i: # (C^tC?}^^ $ ix 

[0 0 17] EI2(i::(7?^?q(7:)te(?:)^JS^>l{:ij;5B i c 
MO S vc^;^^co-gBSfrffi^<b Ur. n MO S h ^ 

3 1 B f<D p m^wmx' p ^<Dm9tm 

3 2 ^5?{^fi£$ix-C*3 19 . p ?|?£Offl^5:/i 3 2;iS?i?^$ 
n-ri>^)^W(^i:S^3 1 ±i3 3it-^?^v-^/u^ 3 3 7iJJf^ 

'i^<D^m^Xp ^ oL/i-^ Af)mH^^tixi6y) ^ :l(Dp^ 

^/i-3 4 t'^^^v^Y/^ii 3 3±{:i, 

mmtiim^x ^ ^- v^mmz stm^^^r^xy^-^^, 

rciy- h/^^^3 5 (i. K i^-r :^3 9 

[0 0 18] ^it. hmmms 5±\z^m^s i o 
y- h 3 etmf^^nxisy) , ctoy- h 3 6(iy- h 
mmms 5(Dm\^^^^tm'^(D^mtci'fM^j:r)^<^x\^^ 



(5) i|^r?^5p6 - 5 3 4 2 0 

s 

6 TIfRcO p !>3.yU3 4 P^U^A s ^'.f iff?? n Jf^^i^i^ 
T-^n-riXt^<£M^Zlt>*ii5^g^(D^ifsfii^il^^^o L D D 

mmxy-^ 3 8 755?f^^$nri/^-5>o 
[0 0 19] -Ij. sfriey- h*fegtfli3 5;i»wi/^;^coy 

- h 3 6 r^(^ p ^'^/l-S 4 CI. Pfj:^<Dn]^^f^!^X' 
h'l^^ >3 9^^-Ml^^tlX^'^^. /cf*3. MI2y-^3 8 

^':^3 9^f2tf J;9{^p !>3./P3 4±{ZMm&<Dnm^ 

m'^xm^^^h'u^ 1^4 or^m^^tix^-^^, :i<Dm^^h* 

JO 1^4 Oit\-'U4 >3 9(Drm±i^^mo ^ 5 izMf^^ 

^tlX\^^X. p ^'3i/u3 4 ^ KU-f 3 9 co^-a-S^^ 

K U'-Y 2 9 i *3 ii??S^£;3^i(3ei^tg^;^sy_ h 3 6 ^^-- 
mJ^f}'^^<^£^, ttrfS Ku-'T ^3 9±coy- h 

[0 0 2 0] tifox. y- bi^mms 5<Dmmmmftm 

^LT. Ku^>'3 9yi)^^ p 5?a./L'3 4 ->£7:)#^^;ttfem 
^-r5<OT% nMOS >'>^;='><?fi?Sa$tz.-r, ifa« 
;65r^±-r5o Sfff2!?i^^'» Ki^-Y >^4 0 fi. ® 1 

MMhmmi^m^. j:U(Di^1}Uf£\^XB i CMOS 

[0021] mS (a) ~ (d) RU^m4 (a) - 
(d) nZ<Dmm<D-^mm\Z'^>^B i CMOS h^^' 

>?;2.^(^— ]^iix^^^-rfc*6otj(?:'Xfo t) . 13 3 

(a) - (d) n^<Dm^J:m^m4 Ca) - (d) fi 
^C9^^X^^7f:b. EI 1 Cl^UifcB i CMO S by> 
30 v?;^^{c^-r6 tjOT-foSo 

[0 0 2 2 ] ^-TMZ (a) Ci^-Tci; 5 i^^®;5S< 
1 0 0>T'fo*3lg#i;^^S2-'2 0 Q. p Jf^S i 

^^^#^^^s^5 oc)^^®t;i^iv'N'-y KSf^tas 1 

{bBl5 2 ^^ji^cO^^fife:^^ (chemical vapor deposit 

ion -.^j.TCYvty^^o) (D:}jmxmm^Mm.'r^. ^ 

y h 7 Vv^^^i^'S.O^pMO S Vyl^iy':^^^mf$.-rhU 

^(Dmtm 5 2 &{^^^ sfris^ i y vmitm 5 1 ^ 

(Dnm^m<^^ 1 0 OKeV ^^(Om^/Udff — ^ 1 E 1 5 
- 5 E 1 5 ions/cm2 mm<D K-XST'^A UT^ 1 S 

[0 0 2 3] mz.m 3 ( b ) \z7fk^x b (w. ^ts^^t^ 

5 OiCBfj:^<DpJ^^m!^^ 1 0 OKeV 1^^<0:^:^/U^ 
50 1 E 1 S'-S E 1 3 ions/era^ K-XSxa 
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2lSLXJ^m3mkm^ ^ , 5 4, 5 6±t::^l. S/xra^ 
lE^l, ^2^t^m3avS:;i 5 3. 5 4. 5Q±.(D:^^' 

8, 59, eo^^f^fi^r^o cio^^. sfrfE^iS:y^m 

J^tK 1E12^3E12 ions/era^ ^^(D K— Xfi-C-f 

[00251 2^(:i[gi3 (d) d^-TJ; 5 tC. il^oOLO 
COS (Local Oxidation of Silicon) X^tCj;f9. ^ 

fl^6 2^Jf^^fao ^fc{-MISm2 !?in/W5 9iD-{R[jfCP 
^'c^cl^fZ^nJf^^j^!^^ 1 0 OKeV ^^(7:3 31^/^;^?:— , 3£ 
1 5— 5 E 1 5 ions/era^ mB<D K-XfiT'-l' :r>^aA 
LT=i u^^>.>-;t;-6 3^^?f^fiSc-ra, rc7)i^. nM 
O S h y >-v>x^(D#m^*S:®(^^cs^. ^ 3 !>ai/u6 0 
<D Kl^-Y V^Ji?fiSc-r6^5>{-^*{;:n?f?^^i^(73-< :^f->- 
[0 0 2 6] ^{zm4 (e) (C^-rj;^{::. tfrfS^ 1 ^ 
V^m3'>^^^5 8, 6 0(^±^{C. il^(7):^^r-S i o 

2 ^fcfis 13 N4 T-2 0 o-'S 0 0 Anm(Dm^(Dy 

- h ^^fli 6 5^. S i ^ fcfi^i^^ S i SO^^ 

1^'f K^ffli^T 2 0 0 0-3 0 0 oAnm(Dm^ 

<D^- h 6 6 <t ^?]0^iJc-r^o MfE^3 ^>:n/U6 0 

tDMMOS h7>^v^;^^=£:LDD^it{^H?fiSc'r'6fci6 
{C, M3 ^>3^/^6 0(Dy~ h 6 6 LT n 

?l?^ii56ifel=£rjg^/^^^yl-=¥ — 1 ElS-^SElSio 
ns/cra^ K— XST-f ^V^A n MO 

S Vv?^^0{£i^M^Mi^^^6 7^Ji?^-r^o iSfe 

dC VD ^ /"cli L TO (Low Temperature Oxide ) (Oli 
152000-300 0 AmS(^^<bfli^Ji5^L/ci 
fc<b, MIE^l , m2^tJ^m3 e^^/l-B 8. 59. 60 

-CftrlEy- h6 6 coiHiJig{c;=(.-<-f-6 8 ^?f?fi£-r -So 
[0 0 2 7] ^fc{cig]4 Cb) t::^^J;^tc. tfridiLfcX 
^Cl J; ?f0^^ttfct?|att^^^ffi(CC VD^fcfiL TO 

:^fe{::cf: "9 5 0 0-150 o A^^J^^iOS i O2 ^fc 
*:iS i3 N4 o;^^!^^T*mi^r«1i^^^6 9^Jl^^[Sc-r 
6„ t<lfE^3 ^>^/U6 0{;n?f^^*afiife^3 E 1 5 

— 5 E 1 5 ions/era^ ^^(^ K— XST-'f ;^-:/aA UT 



(e) 4#Sfl¥6 - 5 3 4 2 0 

10 

nMOS h^V-v^^^coy — ^70S.O=Kl^'l'>'7 1^ 

-Y>'7 1 (iililV^ KU-r^-e 4 t■?:cDJ[|^ffi;6^tti^'^oX^/^ 
5o MfSm 1 ^'oiyus 8i:it^f5y- h 6 6 ^-^^ 

^ k LTfflV^T p Jf^^Mi^^igt:(03ijt;/U^-i: 3 E 1 
5 - 5 E 1 5 ions/'cra^ ^^(^ K-Xg-C'^f ^fi^^A L 
p MO S h 7 i/v^;=^^^coy — x'. 7 2^0^ Kl/'O' 7 

s^Ji^^-r^o ffrfEpMO s h^>"^;^i?^(Dy — 7^ 7 2 
W7 4 AS|^B#[;ij]^^$tb6o sfrfe^2 ^>^/u5 

9±{;iB/^if(Dp?i^^Mi^^8 OKeV ^^<n=^:^jV^- 
<blE13 — 2E13 ions/cm^ K— XgT--l' ^ 

>'S&AL-r'-<-;=^ 7 5^Ji^^i-^>, 
[0 0 2 8] m^m^ (c) {r^-rj:5{^. ii^i^y v 

y7-y^{;i4;f9m[l2^2 e^a./U5 9 f&;^#j(7)^<-f tK- v 
9^I?^*LT^2 !>^/U5 9t^-;^#J^0ttl^-& 

<D nm^n^^ 5E15 — 8E15 ions/cm^ U^<D K 

[0 0 2 9] (d) ic^-TJ; 5 tc. tfri^ufcx 

^tc J; t) J^?fi£^^^fc^^it^O:^^ffii::C VD^fcf^HTO 
(high temperature oxidation) "^^XS i O2 '^td't 

s i 3 N4 xm2mmmmm7 s ^srji^^-ra, if^i^x. 
mum2mr^^mmm7 8(o^^®t^^^fci^^4*^^^^p so 

(Phospho Silicate Glass) ^fcfiB P S G (Boro-Pho 
spho Silicate Glass ) ^^^l.X^^J§ 7 B^Mf^V. 

fcht. mm<Dv y^^y '<Kxvm^^mm<Dtci!^<D 

[0030] 1115 (a) - Ce) \'X:i<D^mo:>^<DmM 
40 'tt^^%m2\^m\^fz'Q i CMOS V=7>'J7^^ <D 

i^itX^^^-rfca6c0^ffiiglT-fo6o w(??[gl5 (a) - 
(e) (liBI/^TIi. tfiaoigiS (a) - Cd) J^U^Igl 4 

(a) - (d) tmm^:Lmi'^m\^^hf^^fz.^. i^-ss 

[0031] ^-fia 5 (a) tC^-r^ pms i<D 

53, 5 6. 5 4^^tl^'tlp:&.XJ^nm^i^^Xm'^(D 

tft^5 3, 5 4, 5 6J:{C1, 5 ^ ra $ (^oi t' 

^:ar'>-r/UJl5 7 ^?l?^-r^o XfefC, ^1. f^2Rrj^ 
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^'nsi, m2Rxj^m3^a:./i-5 8, 59, eo^. ^ 

1S:0:^2 ^>aL/U5 8, 5 9 n Ji?^i^i^X% ^ 3 ^ 
LOCO SXmtwJ: 19 . ^:ft^':a<D^^^(DSti|S^^5> 

[0 0 3 2] ^{r|g|5 (b) iZ^-tX b 

^^^AUT^i/^ Ki^-r ^-8 1 ^jF^^-ra. isfci^. 

-rvSli^EIS (d) ^CTJf^fiSc$;^^/c^^l^ Ku^ 4 
J: "9 h 6 6 tDTlFn'-^ e.t:i#<SiSLTi/^6fci6|^ 

[0 0 3 3] ^izm 5 (c) d^-TJ: ^ t:i. m^e^miR 

O^mS ^>ai/P5 8, 6 0(O±^{;ii^c7?::^fe(Cj; t9 

3 "^o^/L-e 0{::?]^^$^6 nMOS h^^^v^^^^oy — 

m<D^^^mm8 2^mf^'r^. m^. mmi.rzmm<D 

[0034] ^{r[g|5 (d) ^ZTjk-rX V tC, flfrlS^ 3 

i^;^>^(Dy — X 7 0 tm\^^ h'i^-i >8 1 t:i'a^^^< $n 
Ku-^^-S 2^£r?^^t-5, StrfEl^ 1 ^> ^/i- 5 8 

>^^4 :t>-mA UTpMOS h ^ > CO y — 7 2 

Rv^h'i^-ci^7 3^^f^-r^o crr-striEpMos 
v-:^;^^<75y'-;^ 7 2RXJ^ KU"f V7 S^Ji^^-TSi: 
hy Vv?^^?;45jf^^$n'5m2 -^ai/US 

mte.m2^ a.^\yb 9 ±.\zpw^^m!^-^ ^^^^^ ^> 

[0 0 3 5] gfcClia 5(e) {Zjfk-rX 0 (C. flfffEm 2 ^ 



(T) ^m^^e - 5 3 4 2 0 
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mf^^ti^^^±<Dm 1 mmmmmQ 9^m^i^xm2 
'p 9<D-:fjm\^mm^th. gfeci. tffisf^ iiira^ 
^mme 9<D±.mzS'^^^BS i m^^mf^Lfzht. 

mmme 9r^^^^tixnth^titcm2 ^:^ju5 9±.ic 
^y<^mis^m7 e^Mf^-r^, zcot^. ^ie^?^. 
^mm:m7 etc K-t'>->/$ttr^^fcnJ}^^i(^fii^Astfrf^ 

7^7 7 5--ft£ft!c$nTni^ 7 7>^JI^^-ra, iSfc 

StfjiEUfc1^3t<^^|^®{;i^2;ir0li^a:fli7 8 ti^^ 

[0 0 3 6] ±mi^tlX^iZ^ Z(D^miZX^B i CM 
OS h^>'v!^X^5'S:0^^<0^3t:;^&{^i^l/^T(i. BiC 
MOS hy>'i^y^'$'(D^m^Mi:n<Dtcisb(DW^(D^ai/l- 

X o^zmf^^tixi^-^^m^^^ ^-^^m^^x^^ . 

[0 0 3 7] 

[^0^(75^^] tt^o-c. ::(Dmmiz^\^^xt^. M'^j:^ 
^^^ffla^trB i CMOS h7>-v^^^5't;:|^M:^;et5Pn;t)D 
^ttaJ^-a-. nMOS hyV-v^x^oy- h«fe.^fli7i5?;S 

-Ct-^a^i^). nMOS h^^'v^^^oy- 

MOS byi^i^y^^ (Dmm^^^mm^^^m^'r^ r t 

•r-^a^itJt-^ B i CMOS {> y^-i^:^^ (Dm^^fi'^m 

m-X'^^mi^mm<om:mm^\^±^^^ :l tt)^X'^ . ^it 
mi] :i<DmM<o~mmmKm^B i cmos i^yy 

>^:^-^<D~^W\^mX'^^, 
40 [m2\ ^(7?^B^C> — ^Jfe^i|(C#,aB i CMO S h 7 

^ ^ (7? — iff ffi IS! r- a o 

[1^3] El 3 (a) - (d) fi. w(O^0>^<7?— HJS^t:: 

i CMO so®iitxg<7?mf^xm^^-rfcs:)t^— 

[El 4] 1^4 (a) - Cd) fi, El 3 (a) - (d) \Z 

[1^5] El 5 (a) - (e) f:i. ^ O^^toftkcT^-HSg 
0»ll::^S^6B i CMO S(0®^iiX^^^-rfci6<^— gli^ffi 

50 igr-fc6o 



(S) 
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